2-(5-Chloro-2-phenoxyphenyl)hydrazine was converted to corresponding 3H-indole by Fischer method utilizing the isopropyl methyl ketone in acetic acid. The reaction of 3H-indole with Vilsmeier-Haack reagent furnished aminomethylene malonaldehyde in excellent yield while the reactions of malonaldehyde with hydrazine, arylhydrazines, amines, cyanoacetamide and hydroxylamine hydrochloride, led to the corresponding pyrazole derivatives, enamines, cyanopyridone, and cyanoacetamide derivatives respectively.
Introduction
Chloromethyleneiminium salts, commonly known as highly versatile Vilsmeier-Haack reagent, 1 usually generated in situ by the treatment of POCl 3 with an N,N-disubstituted formamides (e.g., DMF), is very useful in the synthetic transformations. Selected applications of this reagent include: formylation, 2,3 cyclohaloaddition, 4 cyclization 5 and ring annulations. 6 A wide variety of alkene derivatives, 7 carbonyl compounds, 8 activated methyl and methylene groups bearing chemicals, 9 and oxygen 10 as well as nitrogen nucleophiles 11 undergo the reactions with Vilsmeier reagent to yield the corresponding iminium salts.
In 1959, Fritz 12 reported the N-formylation of a 3,3-disubstituted 3H-indole (indolenine) 1 leading to 2 by utilization of Vilsmeier reagent formed from DMF and POCl 3 . Further reaction of 2 with the Vilsmeier reagent, followed by hydrolysis produced compound 4. Formation of this product probably involves the intermediate 3, from which the N-formyl group is hydrolytically removed during workup (Scheme 1).
Scheme 1
Recently, we demonstrated [13] [14] [15] that the 2-CH 3 formylation reaction of some of 2,3,3-trimethylindolenines (3H-indoles) by Vilsmeier reagent furnished aminomethylene malonaldehydes. Thus formed 1,3-dialdehyde compounds undergo reaction with various nucleophiles to yield a wide range of new heterocyclic compounds. As an extension of our previous studies, herein we demonstrated the formylation of another indolenine to produce corresponding malonaldehyde as well as synthesis of various heterocyclic compounds by condensations of malonaldehyde with various arylhydrazines and cyanoacetamide leading to both 5-and 6-membered heterocycles, respectively.
Results and Discussion
5-Chloro-2-phenoxyaniline 5 was diazotized with NaNO 2 /HCl. The formed diazonium salt was then reduced by stannous chloride dihydrate in HCl (aq) to produce the corresponding bis-hydrazinium hexachloro stannate 6, revealed by atomic absorption analysis,. A neutralization of obtained reaction mixture by NaOH(aq.) furnished free base of aryl hydrazine 7 (Scheme 2).
Scheme 2
Reaction of 7 with isopropyl methyl ketone in a Fischer reaction condition furnished the 3H-indole 8 in a good yield (Scheme 3). 
Scheme 3
The structure of 3H-indole 8 was confirmed on the basis of analysis of 1 H-NMR spectrum possessing six-hydrogen singlets for the geminal methyl groups, at δ 1.55 ppm and three-hydrogen singlet signals for the imine-methyl group, at δ 2.29 ppm.
The reaction of 8 with Vilsmeier reagent at 75°C, led to diformylation of imine-methyl group in excellent yield (Scheme 4). The structure of malonaldehyde 9 was confirmed by its spectral data. The IR absorptions at 3159 and 1675 ,1639 cm -1 support a presence of N-H and two carbonyl groups, thus in 1 H-NMR spectrum signal for the N-hydrogen appearing at δ 13.55 ppm and two aldehyde hydrogens at δ 9.75 ppm. The 13 C-NMR spectrum of 9 showed the presence of two carbon signals at 187.66 and 192.64 ppm corresponding to CHO groups.
Scheme 4
1,3-Dicarbonyl compounds can be used as important building blocks in the syntheses of various heterocycles 16 , which often show high biological activities 16, 17 . The reaction of the substrate 9 with hydrazine hydrate and substituted arylhydrazines at room temperature and reflux conditions, respectively, afforded desired products 10a-d in quantitative yields (Scheme 5).
Scheme 5
As extension of this work, we also examined the reactions of hydroxylamine hydrochloride, cyanoacetamide and arylamines with aminomethylene malonaldehyde 9.
The corresponding cyanoacetamide derivative 11 was readily achieved by refluxing a mixture of malonaldehyde 9 and hydroxylamine hydrochloride in ethanol (Scheme 6).
Scheme 6
The X-ray diffraction data for similar compound 18 showed that the orientation of the acetamide group arises from intramolecular hydrogen bonding between the indole N-H and the carbonyl group (Scheme 7). 
H

Scheme 7
The compound 9 was allowed to react with cyanoacetamide under reflux condition in ethanol to obtain cyanopyridone derivative 12. The structure of compound 12 was elucidated from its spectral data. The 1 H-NMR spectrum showed two singlet at δ 8.42 and 8.66 ppm respectively, belonged to two protons of pyridone. The broad singlet appearing around δ 13.07 ppm confirmed the presence of pyridone N-H bond (Scheme 8).
Scheme 8
Finally, attempt to synthesis quinoline derivatives starting from arylamines and malonaldehyde 9 was unsuccessful but this condensation gave enamines 13a-d in high yields (Scheme 9).
Scheme 9
A study of the 1 H-NMR spectrum of enamine 13b showed that both E and Z isomers of 13b have been formed in a ratio 1:1. Thus, there were two singlets at δ 8.39 and δ 8.43 ppm in a ratio 1:1, corresponding to CH=N and a pair of siglets at δ 14.08 and δ 14.12 ppm, again in a ratio of 1:1 assigned to NH protons (Scheme 10).
Scheme 10
Conclusion
In summary, we have examined the reaction of 3H-indole with Vilsmeier-Haack reagent. This study revealed that the formed malonaldehyde from formylation reaction could be cyclized using various arylhydrazines and cyanoacetamide to afford substituted pyrazoles and cyanopyridone. Also, reaction of malonaldehyde with hydroxylamine and primary aromatic amines furnished cyanoacetamide and enamine derivatives, respectively.
respectively. Chemical shifts δ are in parts per million (ppm) measured in CDCl 3 and DMSO-d 6 as solvents and related to TMS as the internal standard. IR spectra were recorded on a ThermonicoletNexus 670 FT-IR instrument. Elemental analyses were performed on Heraeus CHN-O rapid analyzer.
4-Chloro-2,3,3-trimethyl-7-phenoxy-3H-indole (8).
A mixture of arylhydrazine 7 (5 g, 21 mmol) and isopropyl methyl ketone (2.01 g, 23 mmol) was heated at reflux in acetic acid (20 mL) overnight and then cooled, diluted with H 2 O (50 mL), and neutralized with NaOH solution (2N), the aqueous solution was extracted with EtOAc (3×30 mL). The combined organic layers dried over Na 2 SO 4 
2-(4-Chloro-3,3-dimethyl-7-phenoxyindolin-2-ylidene)malonaldehyde (9).
To N,N-dimethyl-formamide (3.5 mL, 45.6 mmol) cooled in an ice bath was added dropwise phosphorus oxychloride (2.08 mL, 22.8 mmol) with stirring at below 5 °C. After that addition, 3H-indole 8 (2.18 g, 7.6 mmol) was added slowly. The cooling bath was removed and the reaction mixture was stirred at 75 o C for 6 h. The resulting solution was added to ice-cooled water and made alkaline with NaOH (aq.) solution (pH = 8-9). The resulting precipitate was collected by filtration, dried in air and recrystallized from ethanol to give yellow crystals. 
4-Chloro-3,3-dimethyl-7-phenoxy-2-(1H-pyrazol-4-yl)-3H-indole (10a).
A mixture of the malonaldehyde 9 (0.1 g, 0.29 mmol) and hydrazine monohydrate (0.09 g, 1.46 mmol), in absolute ethanol (15 mL) was stirred at room temperature overnight. After this time, the solvent evaporated and ethyl acetate (20 mL) was added to the residue. The organic layer was washed with water, dried over Na 2 
General procedure for synthesis of (10b-d).
A mixture of the malonaldehyde 9 (0.1 g, 0.29 mmol) and aryl hydrazinium chloride (0.29 mmol), in absolute ethanol (15 mL) was heated at reflux and stirred for 2-5 h. After cooling and concentrating the resulting crystals were collected by filtration and recrystallized from ethanol to give the corresponding pyrazoles. -2-(1-(3,5-dichlorophenyl)-1H-pyrazol-4-yl)-3,3-dimethyl-7-phenoxy-3H-indole (10b -2-(1-(3-chlorophenyl)-1H-pyrazol-4-yl)-3,3-dimethyl-7-phenoxy-3H-indole (10c) 
4-Chloro
4-Chloro-2-(1-(2-chlorophenyl)-1H-pyrazol-4-yl)-3,3-dimethyl-7-phenoxy-3H-indole (10d).
(Z)-2-(4-Chloro-3,3-dimethyl-7-phenoxyindolin-2-ylidene)-2-cyanoacetamide (11).
A solution of malonaldehyde 9 (0.1 g, 0.29 mmol) and hydroxylamine hydrochloride (0.02 g, 0.29 mmol) in absolute ethanol (15 mL) was refluxed for 2 hr. After this time, a solution standing overnight and then yellow precipitate was filtered off, washed with water and air-dried product was purified by recrystallization from ethanol. Yield 78%; mp 123-125 °C; FT-IR (KBr) ν max /cm Chloro-3,3-dimethyl-7-phenoxy-3H-indol-2-yl)-2-oxo-1,2-dihydropyridine-3-carbo-nitrile  (12) .
5-(4-
Cyanoacetamide (0.04 g, 0.48 mmol) was dissolved in hot EtOH (10 mL, 95%), then piperidine (0.11 g, 0.12 mL, 1.25 mmol) was added and the mixture was heated for 10 min. The malonaldehyde 9 (0.15 g, 0.44 mmol) was slowly added and the reaction mixture was refluxed overnight. After cooling the solution, formed precipitate was filtered off, washed with aqueous ethanol and finally dried in air. 
General procedure for synthesis of (13a-d).
Primary aromatic amines (0.29 mmol) was added to the solution of polyphosphoric acid (0.06 g) in absolute ethanol (15 mL) at 70 °C . After 10 minutes, malonaldehyde 9 (0.29 mmol) was added to the hot solution and reaction mixture was refluxed overnight. After cooling the reaction mixture, resulting precipitate was collected, washed with ethanol and dried in air. The crude products recrystallized from ethanol. 2-(4-Chloro-3,3-dimethyl-7-phenoxy-3H-indol-2-yl)-3-(3,5-dichlorophenylamino Chloro-3,3-dimethyl-7-phenoxy-3H-indol-2-yl)-3-(2,3-dimethylphenylamino) , 2H), 7.29 (d, J = 2.2, 1H), 8.40 (s, 1H, CH=N), 9.74 (s, 1H, -CHO 
(E)-
2-(4-
